Introduction Whole-body CT (WBCT) use in patients with trauma in England and Wales is not well documented. WBCT in trauma can reduce time to definitive care, thereby increasing survival. However, its use varies significantly worldwide. Methods We performed a retrospective observational study of Trauma Audit and Research Network (TARN) data from 2012 to 2014. The proportion of adult patients receiving WBCT during initial resuscitation at major trauma centres (MTCs) and trauma units/non-designated hospitals (TUs/NDHs) was compared. A model was developed that included factors associated with WBCT use, and centre effects within the model were explored to determine variation in usage beyond that expected from the model. results Of the 115 664 study participants, 16.5% had WBCT. WBCT was performed five times more frequently in MTCs than in TUs/NDHs (31% vs 6.6%). In the multivariate model, increased injury severity, low GCS, shock, comorbidities and triage category increased the chances of having a WBCT, but there was no consistent relation with age. High falls and motor vehicle collisions also increased WBCT usage. Adjusting for casemix, there was a 13-fold intrahospital variation in the use of WBCT between MTCs and a 30-fold variation between TUs/NDHs. The amount of variability between individual hospitals that could not be accounted for by the factors shown to impact on WBCT use was 26% (95% CI 17% to 39%) for MTCs and 17% (95% CI 13% to 21%) for TUs/NDHs. conclusion There are significant variations in WBCT use between different hospitals in England and Wales, which require further investigation.
IntroductIon
Whole-body CT (WBCT) is an imaging strategy which uses non-contrast and contrast-enhanced CT scanning of the head, neck and torso in selected critically injured patients, with or without specific clinical signs of injury in these regions. WBCT has been used as a primary investigation in the management of patients with major trauma for several years worldwide, though the indications for its use are without a firm evidence base. [1] [2] [3] While WBCT in trauma is widely used in the USA, there has been variable uptake in other countries. 4 5 Across the UK, there are no universal guidelines for the use of WBCT in major trauma. Several authorities, including the Royal College of Radiologists (RCR) and the National Institute for Clinical Excellence, have proposed guidelines for WBCT in trauma, but these have not been validated and are not used by all trauma-receiving hospitals. 3 5 6 Several authors report improved patient survival, improved diagnostic accuracy and shorter time to definitive diagnosis and treatment with WBCT use. [7] [8] [9] [10] [11] However, CT scanning is associated with an increased risk of cancer in later life, which must be considered when ordering such investigations. 12 Consequently, there are significant variations between countries in WBCT use in trauma. The reported proportion of patients with trauma receiving WBCT ranges from 85% in Sweden to 9.3% in Australia, though this variation may partly be explained by differences in patient characteristics between studies. 2 4 13 The degree of variation in WBCT use in the England and Wales is not documented; understanding this is an important initial step in the development and implementation of guidelines for WBCT in major trauma. We therefore undertook an analysis of Trauma Audit and Research Network (TARN) data to determine the use of WBCT for adult patients with major trauma (aged ≥16 years) in hospitals in England and Wales. TARN maintains a database of patients with major original article
The use of whole-body computed tomography in major trauma: variations in practice in UK trauma hospitals original article trauma admitted to all trauma-receiving hospitals in England, Wales, Ireland and selected hospitals in Europe, to monitor the effectiveness of trauma care, using a methodology based on the TRISS model. 14 TARN collects information on patient characteristics (such as age, gender and injury severity) and process factors (including use of CT scans and WBCT). 15 Patients are included in the TARN database if their length of stay is ≥72 hours or if they are admitted to a high dependency area or die in hospital or are transferred to another hospital for specialist/critical care.
Methods
The primary aims of this retrospective observational study were to determine the proportion of patients with major trauma receiving WBCT as part of their ED management and to assess the variation in use between hospitals in England and Wales, using data from the TARN database. The study also sought to identify factors associated with WBCT use and compare the use of WBCT in major trauma centres (MTCs) to that in trauma units (TUs) and non-designated hospitals (NDHs). The study period extended from 1 January 2012 to 31 December 2014. This time period was chosen as it coincided with the roll-out of regional trauma services in England, and allowed comparisons between patients admitted to MTCs versus TUs and NDHs. Trauma care in England is currently organised on a regional basis in a hub-and-spoke arrangement, with MTCs (hospitals equipped to manage all severities of trauma) receiving the majority of seriously injured patients, either directly or as secondary transfers from TUs. TUs are smaller peripheral hospitals, which are able to deal with less seriously injured patients but do not have the full complement of trauma services. NDHs are hospitals that are not included in any structured trauma system (eg, Welsh hospitals), and therefore not designated as either MTCs or TUs. In general, they do not have the full capability of MTCs and share more in common with TUs. Patients were excluded from our study if they were secondary admissions to an MTC from a TU or NDH.
The study included all adult patients (aged ≥16 years) admitted to trauma-receiving hospitals in England and Wales, whose details were registered on the TARN database. Information extracted for each patient included demographic data, injury characteristics, hospital type (MTC vs TU/NDH) and data on CT use. For categorical data, categories were chosen to coincide with those commonly used at TARN. Missing data were analysed as a category within the variable to minimise the loss of cases. While imputation may have been more useful, this was not pursued as some variables had a high percentage of missing data, such as Charlson Comorbidity Index (CCI, 19.6%), making imputation less reliable.
The study investigated the use of WBCT during resuscitation. This did not include WBCTs performed after initial emergency surgery or following admission to the intensive care unit. WBCT use at MTCs was compared with its use in TUs and NDHs. We also assessed the interhospital variation in WBCT usage between individual trauma-receiving hospitals.
The impact of various clinical and demographic covariates (age, gender, comorbidities, injury severity, GCS, systolic blood pressure (SBP), mechanism of injury and triage category) on the odds of having a WBCT was also determined. Using multivariate logistic regression, a model was then constructed to determine the extent to which variations in usage of WBCT could be explained by known variables. Only those covariates found to have an association with WBCT on univariate analysis were included in the final multivariate analysis. Adjusted ORs (AORs) were presented with their 95% CI. For all comparisons, a 'p' value of <0.05 was considered statistically significant.
The degree of variation between individual hospitals was also calculated. Binomial regression analysis was used to demonstrate unadjusted odds of having a WBCT for each hospital, compared with the overall odds for having a WBCT in MTCs and TUs/ NDHs, respectively. Multilevel modelling (using the covariates identified in the original multivariate analysis) was used to demonstrate the variation in adjusted odds of having a WBCT between individual MTCs and TUs/NDHs, fitting centres as random intercepts in the model. 16 Sensitivity analysis was performed on calculations of intrahospital variance in WBCT usage, by excluding hospitals with data completeness of 50% or less. TARN defines data completeness as the proportion of cases submitted to TARN compared with the number of cases identified in the Hospital Episode Statistics/Health Solutions Wales dataset(s) that appear to meet the TARN inclusion criteria. Data were analysed using SPSS (V.21) and Stata (V.14).
TARN publishes rates of survival for all trauma-receiving hospitals across England and Wales, aiding clinical governance. This benchmarking activity is supported by Section 251 approval to process certain information without specific informed patient consent. Data for this study came exclusively from the TARN database without author access to patient records, and we used the same principles towards patient consent and ethical approval as described for the TARN benchmarking role.
results
During the study period, 126 116 patients aged 16 years and older were entered onto the TARN database. 10 452 were transfers from TUs to MTCs, leaving 115 664 patients who fulfilled the study's inclusion criteria. Of these, 46 969 (40.6%) were treated in MTCs and 68 695 (59.4%) were treated in TUs and NDHs. Thirty-two per cent (32.0%) of patients had an Injury Severity Score of >15 (36 974 patients). There were 62 748 patients aged <65 years (54.3%) and 52 916 (45.7%) aged ≥65 years. 63 903 (55.2%) were male and 51 761 (44.8%) were female. The most common mechanism of injury was low falls, accounting for 64 222 (55.5%) patients.
The univariate associations between various factors and the likelihood of having a WBCT are shown in table 1, while multivariate associations are shown in table 2. In the multivariate model, patients admitted directly to major trauma centres were more likely to have WBCT compared with those admitted to trauma units and non-designated hospitals (AOR 3.18; 95% CI 3.05 to 3.33). Further analysis of the use of WBCT by time of day showed that the percentage of patients with trauma having WBCT during working hours (29.6% at MTCs and 5.6% at TUs/NDHs) was less than the percentage having WBCT on evenings and weekends (32.1% at MTCs and 7.1% at TUs/ NDHs).
Triage-positive patients (those fulfilling the criteria for direct admission to a major trauma centre) were significantly more likely to have a WBCT compared with triage-negative patients on multivariate analysis (AOR 2.66; 95% CI 2.49 to 2.84). However, 73 126 patients (63.2%) did not have their triage category recorded. In addition, only 89.9% of triage-positive patients were admitted directly to an MTC, while 37.7% of triage-negative patients were also admitted directly to an MTC.
On multivariate analysis, the adjusted odds of having a WBCT were not significantly different between men and women. 
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However, there was an interaction between age and gender: younger females (aged 16 to 44 years) were more likely than their male counterparts to have a WBCT, but for the older age groups, this trend was reversed. Overall, there was no significant increase in the adjusted odds of having a WBCT with increasing age. Patients with a higher CCI were more likely to have a WBCT than those with a CCI of 0 (table 2) . In the multivariate model, injury severity, injury mechanism, SBP and GCS were all associated with increased odds of having a WBCT. Compared with patients with an ISS of <9, the adjusted odds of having a WBCT in patients with ISS of ≥25 were 3.95 (95% CI 3.67 to 4.24). The adjusted odds of having a WBCT were significantly higher for patients involved in road traffic collisions (AOR 12.58; 95% CI 11.83 to 13.38) and high falls (AOR 8.43; 95% CI 7.92 to 8.96), compared with low falls. Patients with an SBP below 110 mm Hg were significantly more likely to have a WBCT than those with a higher SBP, as were patients with a GCS lower than 15 when compared with those with GCS 15 (table 2) .
The overall accuracy of the multivariate model was high with an R-square statistic of 0.35 and an Area Under the Receiver Operating Curve of 0.890 (95% CI 0.887 to 0.892).
There was a wide variation in both the unadjusted and adjusted odds of having a WBCT between individual hospitals within each hospital category (MTCs and TUs/NDHs) (online supplementary appendix 1 and figure 1 ). For MTCs, the AOR for having a WBCT ranged from 0.39 (95% CI 0.32 to 0.47) to 5.07 (95% CI 4.49 to 5.73), a 13-fold increase in odds between the MTC with the lowest usage compared with that with the highest. For TUs and NDHs, the AOR for having a WBCT ranged from 0.22 (95% CI 0.10 to 0.49) to 6.78 (95% CI 4.61 to 9.97). The proportion of intraclass variability in WBCT rates not accounted for by observed patient characteristics (the covariates included in the multivariate model) was 26% (95% CI 17% to 39%) for MTCs and 17% (95% CI 13% to 21%) for TUs. Online supplementary appendix 2 lists the proportions of patients in each hospital who had WBCT, as well as the intrahospital distribution of the covariates used in the multivariate model. 
Exclusion of data from hospitals with data completeness of 50% or less for any given year of the study resulted in no significant difference in intrahospital variance or the differences between MTCs and TUs/NDHs. dIscussIon This paper demonstrated a large difference in the use of WBCT comparing MTCs to TUs and NDHs. There was also a wide variation in the use of WBCT between individual trauma-receiving hospitals, which needs further investigation.
While there is limited research on the use of WBCT for major trauma in the UK, international studies have reported wide variations in its use in other countries. Hsaio et al 13 found that 9.3% of trauma activations in one major trauma centre in New South Wales had WBCT, compared with 32% of German patients with an ISS of >15 and 85% of patients with trauma admitted to the Karolinska level 1 trauma centre in Sweden. 2 7 However, these differences in WBCT usage were confounded by the differences in the samples used in different papers. For example, Leidner's study from Sweden included all patients with multiple trauma admitted to their level 2 trauma centre, while Huber-Wagner's paper only included patients with an ISS of >15.
MTCs used WBCT more than TUs, even after adjusting for demographic variables, injury severity, physiological factors and injury mechanism. It is not clear whether this indicates an overuse of WBCT by MTCs or an underuse of WBCT at TUs. Opinions on the optimal use of WBCT to detect occult injuries are divided, with some authors suggesting that protocol-based criteria for ordering WBCT in patients with trauma increase the detection of unsuspected injuries, while others found no increase in the identification of previously unsuspected injuries with the implementation of similar protocols. 17 18 The multivariate model identified several factors affecting the use of WBCT. Older women were less likely to have WBCT than older men, but paradoxically women of childbearing age were more likely to have this investigation than men of the same age or older women. This may reflect a gender bias against older female trauma victims, similar to that seen in other acute conditions, such as myocardial infarction and stroke. 19 20 Appropriately, there was an increased likelihood of having a WBCT with increasing ISS, decreasing GCS and lower SBP in our study. The increased use of WBCT in patients with comorbidities is also reassuring; these patients are likely to do worse than those without comorbidities after major trauma, and the presence of comorbidities may make them more difficult to assess. 21 22 In light of this, the more liberal use of non-invasive investigations such as WBCT is likely to be beneficial in this group.
The increased likelihood of having a WBCT after a road traffic collision compared with a low fall might initially seem appropriate. However, low falls are the most common and most lethal form of injury in older people, with a high risk of sustaining serious injuries. 23 24 While older patients predominantly sustain injuries to the head and spine after low falls, previous research suggests that they are also at higher risk of injuries to other body regions, supporting the need for more widespread imaging in these patients. 24 25 In our study, among patients with ISS >15 the rate of polytrauma was similar between patients with low falls and those with high energy impact mechanisms (68.3% vs 71.3%, respectively). It is possible that the low use of WBCT may have increased the rate of missed injuries in these patients.
There was significant variation in the use of WBCT between individual hospitals. Much of this was explained by risk factors included in multivariate analysis, but some correlations (for gender and injury mechanism) may reflect biases in the management of patients with trauma rather than decisions based on best practice. In addition, the degree of intrahospital variance in WBCT use was extremely high and requires further investigation. In one survey of hospitals in England and Wales, the self-reported frequency of WBCT use in hospitals varied from less than once to more than six times per week. Only 41 hospitals (22.3%) had written policies guiding the use of WBCT, and these varied significantly between hospitals. 5 Such variations may provide one explanation for the high intrahospital variability in the use of WBCT found in our study. Figure 1 Adjusted odds of having a whole-body CT (WBCT) for patients admitted directly to a trauma-receiving hospital, comparing individual major trauma centres (MTCs) (above) and trauma units (TUs)/non-designated hospitals (NDHs ) (below). The red diamonds (upper graph) and blue dots (lower graph) represent the adjusted odds of having a WBCT at individual hospitals, compared with an average hospital within the group (the red horizontal line in each graph). The age/gender interaction term (age, gender) refers to the ratio of odds of having a WBCT between males and females for each age group. On multivariate analysis, an interaction was noted between age and gender; younger females were more likely to have a WBCT than males of the same age, while this gender difference was reversed in the older age groups.
original article original article
While the findings of our study have important implications for the development of guidelines for the use of WBCT in major trauma, there were some limitations. The types of patients included in this study were limited by the TARN inclusion criteria; the study, therefore, only provided data on the use of WBCT in more seriously injured patients. It is possible that the picture may have been different if all patients with trauma were included. Anecdotally, many hospitals use WBCT to facilitate discharge of patients with a serious mechanism of injury, but who appear clinically stable. Differences in WBCT use between patients with different triage categories should be interpreted cautiously, as this was not recorded in a large proportion of patients. In addition, the triage criteria used by different ambulance services differed significantly, and not all patients triaged 'positive' were directly admitted to an MTC. Not all criteria used in current WBCT guidelines could be investigated in this study. The TARN database does not include examination findings (apart from vital signs), but 'severe injury on clinical assessment' is a criterion for WBCT in the RCR and other guidelines. 3 Some of the correlations identified in this study (eg, triage category, comorbidity score and GCS) should also be interpreted with caution, given the relatively high rate of missing data for these parameters. In addition, patients who were intubated and ventilated prior to hospital admission were categorised as 'GCS not recorded' which may have skewed the association between GCS and WBCT. Finally, the inclusion of non-designated hospitals with TUs may have exaggerated the differences between WBCT use between MTCs and other hospitals, if NDHs were performing significantly less WBCTs than TUs. However, a subanalysis of the rate of WBCT between TUs and NDHs showed that the rate of WBCT in NDHs was higher than in TUs (13% vs 6.2%, respectively), and the rate of WBCT for TUs and NDHs combined (6.6%) was almost identical to the rate of WBCT for TUs alone (6.2%).
This study highlights the need for more standardised algorithms for the use of WBCT to increase its diagnostic accuracy and improve outcomes in patients with major trauma. Further work is currently in progress to identify an evidence-based algorithm for this, based on the sensitivity and specificity of a clinical decision tool in diagnosing patients with significant polytrauma using WBCT. In addition, TARN is also investigating the impact of WBCT on survival in patients with major trauma in England and Wales.
contributors IS and HC conceived the original research idea, developed the research method and contributed to data analysis and interpretation. FL supervised and contributed substantially to the development of the research method and data interpretation. OB advised on the research method, analysed the data and contributed towards data interpretation. MF-I contributed to the development of the research methods, data analysis and interpretation and AE contributed to the development of the research methods and data interpretation. All authors contributed substantially to the preparation of the final manuscript.
Funding TARN is funded by subscription from its member hospitals in England, Wales, Republic of Ireland, Denmark and Switzerland.
competing interests None declared.
Provenance and peer review Not commissioned; externally peer reviewed.
